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METHOD, CHIP, DEVICE AND SYSTEM FOR COLLECTION OF BIOLOGICAL PARTICLES 



FIELD OF THE INVENTION 

5 The present invention relates to a method, a chip, a device and a system for collection of 
biological particles. The method makes use of electrostatic attraction of biological particles 
to charged electrodes and preferably operates with gaseous samples. 

BACKGROUND 

10 In order to facilitate rapid detection of airborne pathogens that are capable of causing 
either natural or deliberate epidemics, it is of utmost importance to collect particles 
containing biological material directly from air in a form suitable for further analysis. 
Typically, particles containing or consisting of one or more biological organisms 
(bioparticles), are captured by passing (samples of) air through porous filters. To size 

15 fractionate for selected ranges of particles, a succession of filters have been used to select 
for the right size particles, which are subsequently collected at - and can be cultured on 
growth media plates within the collecting device (The Andersen sampler). 

When bioparticles contain live organisms or spores, they can give rise to growth (colonies) 
20 on the media plate, which subsequently can be collected and analyzed easily. However, the 
researcher will have to wait for the colonies (colony forming units or CFU) to become 
visible, which, depending on the cultured organism, can take from days to weeks. 
Additionally, the possibility exists that a biological organism of interest might not thrive on 
the growth media. It is also possible that particles of interest are captured within or adhere 
25 to the filtering system and therefore go un-detected. 

To compensate for sample loss a large volume of air need to be processed through the 
system. A complimentary method, which can be used in the combination with filter 
sampling, is to maximize the number of particles in a given volume of air, by using e.g. 
30 cyclones or other vortex type gaseous samplers that facilitate an initial concentration of 
particles. The later technique has also been used to concentrate particles into a volume of 
liquid, giving immediate access to captured bioparticles for a variety of different 
microbiological, biochemical, and molecular analyses. 

35 Funnelling particles into a liquid is associated with heating and evaporation of the liquid 
and often volumes of liquid (larger than 1 ml) are required to prevent the system from 
drying out during the capture process. Subsequently, the liquid can be processed by 
centrifugation to perform a final concentrate of the sample. 

40 Sampling of bioparticles can be done by air to air, air to surface or air to liquid methods. 
Liquid methods can be cumbersome because of freezing effects at temperatures below 
0°C. Key aspects of the sampling are sampling volume, capture efficiency, and the 
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concentrating efficiency of the sampling technology. A standard cyclone is capable of 
taking in one m 3 of air per second and concentrating captured particles in 1-2 ml of fluid, 
which is a large volume in biochemical analyses. A volume in this range would fill a 96 well 
plate and consume reagents equivalent to approximately € 14 per plate per second. It is 
5 obvious that the rapid air sampling by the cyclone quickly is compromised by the 
subsequent sample preparation. 

In one approach, electrostatic precipitation of airborne biological particles was utilized for 
sampling of bacteria onto agar plates in conventional macro scale devices (Mainelis et al 
10 2002a;Mainelis et al 2002b) and for decontamination of a dental practice(Iversen &T0I0 
1975). 



SUMMARY OF THE INVENTION 

An object of the present invention relates to the provision of methods, chips, devices and 
15 systems for direct collection of biological particles from gaseous samples such as air 
samples. 

Another object of the present invention relates to the provision of methods, chips, devices 
and systems for up-concentrating biological particles from a large gaseous sample into a 
20 much smaller volume, i.e. increasing the concentration of the biological particles. 

Yet another object of the present invention relates to the provision of methods, chips, 
devices and systems in which collection and up-concentration of the biological particles are 
performed in the same structure and preferably also in the same step. 

25 

Still another object of the present invention relates to the provision of methods, chips, 
devices and systems that easily allows for further analysis of collected biological particles. 

A further object of the present invention relates to the provision of methods, chips, devices 
30 and systems that easily allows for further analysis of collected biological particles. 

Also, an object of the invention relates to the provision of methods, chips, devices and 
systems that collect biological particles with high capture efficiency. 

35 Other objects of the invention will become apparent when reading the description and the 
examples. 

The present invention relates to a method, a chip, a device and a system that allow for 
large volumes of air to be processed, without submitting the collected sample to either a 
40 media or a liquid, in order to maximize the yield and minimize the number of concomitant 
steps to perform the optimization of the sample collection into a concentrate. The 
invention describes a biological collection system which may involve electrostatic particle 
collection, e.g. performed in a microstructure, i.e. a chip, that allows for flows of up to 
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several hundred mL air per minute. The present invention allows for capturing biological 
particles with very high efficiency and in a format that is highly suitable for various 
subsequent analyses. 

5 The present invention an important implication of the invention is that biological particles 
now can be concentrated from e.g. an air sample. This is an important finding since the 
currently used liquid-based microsystem, i.e. chips or biochips, by nature are only capable 
of handling liquid sample sizes in the microliter range. Therefore, Microsystems are not 
suitable for handling liquid samples harvested from e.g. a cyclone producing 1-2 ml/s. 
10 According to the present invention, microsystems are now are useful as bioaerosol 
sampling technology, if the sampling of biological particles is done directly in the 
microsystem. 

An aspect of the present invention relates to a method for collecting a biological particle 
15 from air, the method comprising the steps of: 

1) providing a sample chamber and a first and a second electrode, the first and the 
second electrode and the sample chamber being so positioned that at least a part 
of the sample chamber is between the first and the second electrode, 

20 

2) providing an gaseous sample in the sample chamber, 

3) applying an electrical field between the first and second electrodes to assist 
electrostatic collection, in the sample chamber, of a biological particle in the 

25 gaseous sample. 

In a preferred embodiment of the invention, the method furthermore comprises a step 4) 
of contacting the biological particle collected in the sample chamber with a first liquid 
reagent. 

30 

In a preferred embodiment of the invention, the method furthermore comprises a step 5) 
of subjecting the collected biological particle to further analysis. Thus, in this embodiment 
the method is not only for collecting biological particles, but also for analysis and/or ... 

35 Another aspect of the present invention related to a chip for collection of biological 
particles, the chip comprising a sample chamber comprising: 

a sample chamber with a first opening in fluid connection with the surrounding air and 
a second opening to form a fluid connection with a device, the sample chamber 
comprising an gaseous sample, 

40 a first and a second electrode positioned at opposing sides of the sample chamber. 

A further aspect of the invention relates to a device for collecting biological particles in a 
chip. The device may for example be an air-sampling device or a device for collecting 
biological particles from a gaseous sample. The device preferably comprises: 



WO 2005/083391 



4 



PCT/DK2005/000133 



a chip site where the chip is to be located in order be functionally associated with the 
device, and 

5 - a programmable unit comprising a software that effects that the device performs one 
or more actions selected from the group consisting of: 



- applying an first potential to the first electrode and a second potential to 
the second electrode, thus resulting in a potential difference and an electric 
10 field between the first and second electrode, to assist electrostatic 

collection, in the sample chamber, of a biological particle from the gaseous 
sample, 



- contacting collected biological particles in the sample chamber with a first 
15 liquid reagent, and 

- performing further analysis of the collected biological particles. 



20 Still a further aspect of the invention relates to a system for collecting biological particles, 
the system comprising a chip as defined herein functionally associated with a device as 
defined herein. 



25 BRIEF DESCRIPTION OF THE FIGURES 

In the following some embodiments of the present invention will be described with 
reference to the figures, wherein 

Figure 1 illustrates a sample chamber comprising a plate or sheet-like electrode and four 
30 point electrode, 

Figure 2 shows a sample chamber comprising a plate or sheet-like electrode and a wire 
electrode, 

35 Figure 3 shows a sample chamber comprising two plate or sheet-like electrodes, 
Figure 4 shows a cross section of a sample chamber, 

Figure 5 shows an embodiment of a chip functionally associated with a device, 

40 

Figure 6 shows a cross section of an embodiment of glass based chip, 
Figure 7 shows a cross section of an embodiment of a PMMA based chip, 
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Figure 8 shows an embodiment of a chip comprising 7 sample chambers, 
Figure 9 shows a plot of the capture efficiency as a function of the electric field. 

5 

Figure 10 shows a plot of the capture efficiency independent of particle size, 
and 

Figure 11 shows two embodiments of a chip. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

An aspect of the present invention relates to method for collecting a biological particle 
15 from air, the method comprising the steps of: 

1) providing a sample chamber and a first and a second electrode, the first and the 
second electrode and the sample chamber being so positioned that at least a part 
of the sample chamber is between the first and the second electrode, 

20 

2) providing an gaseous sample in the sample chamber, 

3) applying an electrical field between the first and second electrodes to assist 
electrostatic collection, in the sample chamber, of a biological particle in the 

25 gaseous sample. 

In an embodiment of the invention, the method furthermore comprises a step of 
terminating a gas flow, e.g. the gas flow used for providing the gaseous sample. 

30 In a preferred embodiment of the invention, the method furthermore comprises a step 4) 
of contacting the biological particle collected in the sample chamber with a first liquid 
reagent. 

In a preferred embodiment of the invention, the method furthermore comprises a step 5) 
35 of subjecting the collected biological particle to further analysis. Thus, in this embodiment 
the method is not only for collecting biological particles, but also for analysis and/or 
detection. 

The method may thus comprise step 1), 2) and 3), such as: 
40 steps 1), 2), 3), and 4); or 
steps 1), 2), 3), and 5); or 
steps 1), 2), 3), 4), and 5). 
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According to the present invention, the phrase "collecting a biological particle" relates to 
collecting the particle in the sample chamber, that is to say, retaining the biological 
particle in the sample chamber, so that when the gaseous sample is replaced by a fluid, 
the biological particles remain in sample chamber. Typically the collection is performed by 
5 the electrostatic forces of the electric field acting on the biological particles. 

The term "and/or" used in the context "X and/or Y" should be interpreted as "X", or "Y", or 
"X and Y". 

10 According to the present invention, the term "biological particle" relates to related to a 
particle comprising e.g. a microorganism and/or a virus and/or a fragment thereof. 

The term "gaseous sample" relates to a sample comprising one or more gasses and 
possibly also biological particles. The gaseous sample may e.g. be a gaseous sample, such 
15 as environmental samples of air, sample of air resulting from a vacuum suction of 

powdered materials like earth, sand, dust or unidentified powder. The gaseous sample to 
be examined may originate from a person exhaling a breath sample containing or 
susceptible to contain microorganisms. 

20 According to the present invention the terms "sample chamber", "container" and "reaction 
chamber" are used interchangeably. 

In a preferred embodiment of the invention, the sample chamber is comprised by a chip, 
that is to say, a cartridge or a biochip. The sample chamber may e.g. be comprised by a 
25 chip as defined herein. 

In a preferred embodiment of the invention, the sample chamber is comprised by a chip, 
that is to say, a cartridge or a biochip. Normally a chip is a disposable unit meant for single 
use. 

30 

In a preferred embodiment, the first and second electrodes are positioned at opposing 
sides of the sample chamber. 

In an embodiment of the invention, the biological particles are collected from the gaseous 
35 sample while the gaseous sample is flowing through the sample chamber. In another 
embodiment, the biological particles are collected from the gaseous sample while the 
gaseous sample is recirculated through the sample chamber, i.e. the gaseous sample 
passes through the sample chamber more than one time, in order to enhance the capture 
efficiency. For example, when recirculated, the gaseous sample may flow through the 
40 sample chamber at least 2 times, 3 times, 4 times, 5 times, 10 times, 15 times, 20 times, 
30 times, 40 times, 50 times, or 75 times, such as at least 100 times. The gaseous sample 
may e.g. flow through the sample a number of times in the range of 2-200, such as 2-50 
times, 50-100 times or 100-200 times. 
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In an embodiment of the invention, the gaseous sample is provided in the sample chamber 
by means of a gas flow. During the collection of biological particles the gas flow typically 
has a flow rate ranging preferably from about 5-1000 mL/minute. 

5 In an embodiment, the gas flow has been terminated before the biological particles are 
collected from the gaseous sample. 

Normally, at least a part of the gaseous sample in sample chamber is positioned or flows 
between the first and the second electrode. For example, at least 40 % of the volume of 
the gaseous sample is positioned or flows between the first and the second electrode, such 
as at least 50, 60, 70, 80, 90, 95, 97.5, 99, 99.5, or 99.9 % of the volume of the gaseous 
sample is positioned or flows between the first and the second electrode, such as at least 
100 % of the volume of the gaseous sample is positioned or flows between the first and 
the second electrode. 

The electrical field applied between the first and second electrodes are described in further 
detail below. 

In a preferred embodiment of the invention, the collected biological particles of the sample 
chamber are contacted with a first liquid reagent. It may be preferred that the biological 
particles are contacted while they are still located between the first and the second 
electrode. 

The first liquid reagent may comprise one or more reagents selected form the group 
consisting of a primer, a nucleic acid, a nucleotide triphosphate and a nucleic acid 
polymerase. 

The first liquid reagent may furthermore comprise additives such as 2-mercaptoethanol, 
e.g. in a concentration of 10 mM, BSA e.g. in a concentration of 1 mg/ml and/or a 
detergent e.g. in a concentration of 0.5% to 6% (w/v). The detergent can be selected from 
the group consisting of Triton X-100, Triton X-114, NP-40, Tween20, Tween80 and similar 
non-ionic detergents. 

The first liquid reagent may furthermore comprise a 5'-3' exonuclease degradable, oligo- 
nucleic acid probe, the degradation of said nucleic acid probe resulting in release of a 
redox active component. 

The redox active component may e.g. be a metallocene such as e.g. ferrocene. 

According to the present invention, the term "nucleic acid", "nucleic acid sequence" or 
"nucleic acid molecule" should be interpreted broadly and may for example comprise an 
oligomer or polymer of ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes molecules comprising naturally-occurring nucleobases, sugars 
and covalent internucleoside (backbone) linkages as well as molecules having non- 
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naturally occurring nucleobases, sugars and covalent Internucleoslde (backbone) linkages 
which function similarly or combinations thereof. Such modified or substituted nucleic acids 
may be preferred over native forms because of desirable properties such as, for example, 
enhanced affinity for target nucleic acid molecule and increased stability in the presence of 
5 nucleases and other enzymes, and are in the present context described by the terms 
"nucleic acid analogues" or "nucleic acid mimics". Preferred examples of nucleic acid 
mimics are peptide nucleic acid (PNA-), Locked Nucleic Acid (LNA-), xylo-LNA-, 
phosphorothioate-, 2 , -methoxy-, 2'-methoxyethoxy-, morpholino- and phosphoramidate- 
comprising molecules or functionally similar nucleic acid derivatives. 

10 

According to the present invention the term "primer" relates to a nucleic acid molecule, 
which typically comprises in the range 5-100 nucleotides, such as 5-20, 20-50 and 50-100 
nucleotides. In a preferred embodiment a primer comprises in the range 5-40 nucleotides, 
such as 5-10, 10-20, 20-30 and 30-40 nucleotides. 

15 

The term "nucleic acid polymerase" relates to a DNA- or RNA- dependent DNA polymerase 
enzyme that preferably is heat stable, i.e., the enzyme catalyzes the formation of primer 
extension products complementary to a template and does not irreversibly denature when 
subjected to the elevated temperatures for the time necessary to effect denaturation of 

20 double-stranded template nucleic acids. Generally, the synthesis is initiated at the 3 1 end 
of each primer and proceeds in the 5' to 3' direction along the template strand. 
Thermostable polymerases have been isolated from thermophilic or caldoactive strains 
such as Thermus flavus, T. ruber, T. thermophilus, T. aquaticus, T. lacteus, T. ruhens, 
Thermococcus Htoralis, Pyrococcus furiosus, Bacillus stearothermophilus and 

25 Methanothermus fervidus. Nonetheless, polymerases that are not thermostable also can be 
employed in nucleic acid amplification provided the enzyme is replenished. 

The further analysis to which the collected biological particles may be subjected could for 
example involve a pre-treatment step such as extraction of biological materials. In a 

30 preferred embodiment of the invention, the extraction of biological particles is performed 
according to co-pending patent application "Method, chip, device and system for extraction 
of biological material", PCT Application No. XXXXXXXX, which is incorporated herein by 
reference. As described in PCT Application No. XXXXXXXX, the biological materials such as 
genetic material may be extracted from the biological particles by contacting the biological 

35 particles with a liquid, e.g. the first liquid reagent, and then expose the biological particles 
to an alternating electric field. The alternating electric field ruptures most biological 
particles and may even rupture bacterial spores, thus releasing biological material from the 
biological particles for further analysis. 

40 The further analysis of the released biological material may also include processes such as 
ELISA, protein separation, protein purification. For released genetic material, the further 
analysis may include incubation with restriction enzymes, nucleic acid amplification such as 
the PCR process, electrophoresis, and detection, such as, e.g., fluorescence detection or 
electrochemical detection. The PCR process and the detection may e.g. be performed 
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according to the methods and using the kits described in the co-pending PCT Application 
No. YYYYYYY, having the title "Method, kit and system for enhanced nested PCR", which is 
incorporated herein by reference. 

5 In an embodiment of the invention, the first and/or the second electrodes have a 

substantial form selected from the group consisting of a sheet, a plate, a disc, a wire, a 

i 

rod, or any combination thereof. It is presently preferred that at least one electrode has a 
sheet form and it is even more preferred that both the first and the second electrode have 
sheet-forms. 

10 

In an embodiment of the invention, the first and a second electrode are separated by a 
distance being at the most 20 mm, preferably being at the most 20 mm, such as at most 
15 mm, 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, or at most 4 mm, more preferably 
being at the most 3 mm, and even more preferably at most 0.5 mm such as at most 0.3 
15 mm, 0.2 mm, 0.1 mm, such as at most 0.05 mm. 

For example the first and the second electrode may be separated by a distance in the 
range of 0.05-20 mm, such as in the range of 0.05-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, 
0.5-1, 1-2, 2-5, 5-10, or 10-15 mm, such as in the range of 15-20 mm. 

20 

Typically the first and the second electrode may be separated by a distance, which is at 
least 0.02 mm such as at least 0.03 mm or 0.05 mm. 

In the present context the term "biological particle" is related to a particle comprising e.g. 
25 a microorganism and/or a virus and/or a fragment thereof. 

The microorganism may e.g. be selected from the group consisting of an archeal 
microorganism, a eubacterial microorganism or a eukaryotic microorganism. 

30 E.g., the microorganism may be selected from the group consisting of a bacterium, a 
bacterial spore, a virus, a fungus, and a fungal spore. 

In a preferred embodiment of the invention, the microorganism is an airborne 
microorganism. 

35 

The biological particle may also comprise a plant spore or a fragment thereof. 

In a preferred embodiment of the invention, the microorganism is a bacterial spore. 

40 For example, the bacterial spore may be formed by a bacterium selected from the genus 
Bacillus and/or the genus Clostridium. 

In a preferred embodiment of the invention, the bacterial spore is a spore formed by 
Bacillus anthrads. The biological particle may e.g. comprise a bacterial spore formed by 
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Bacillus anthracis. Also, the biological particle may essentially consist of one or more 
bacterial spores formed by Bacillus anthracis. 



Another aspect of the present invention relates to a chip for collection of biological 
5 particles, the chip comprising a sample chamber comprising: 

a sample chamber with a first opening in fluid connection with the surrounding air and 
a second opening to form a fluid connection with a device, the sample chamber 
comprising an gaseous sample, 

a first and a second electrode positioned at opposing sides of the sample chamber. 

10 

In a preferred embodiment of the invention, the chip furthermore comprises a biological 
particle attached to the first or the second electrode. 

In another embodiment of the invention, the potentials of the first and the second 
15 electrode are selected so at yield a capture efficiency of at least 50% for biological 
particles having an effective length in the interval from 1-10 micrometer. 

In yet an embodiment of the invention, the electric field of the first and the second 
electrode are selected so at yield a capture efficiency of at least 50% for biological 
20 particles having an effective length in the interval from 1-10 micrometer. 

The electric field magnitude may be chosen from the group of: 50 V/mm, 100 V/mm, 200 
V/mm, 300 V/mm, 400 V/mm, 500 V/mm, 600 V/mm, 700 V/mm, 800 V/mm, 900 V/mm, 
1000 V/mm, 1100 V/mm, 1200 V/mm, 1300 V/mm, 1400 V/mm, 1500 V/mm, 1600 
25 V/mm, 1700 V/mm, 1800 V/mm, 1900 V/mm, 2000 V/mm. 

For example the electric field magnitude may be in the range of 50-2000 V/mm, such as in 
the range of 50-100, 100-200, 200-300, 300-400, 400-500, 500-750, 750-1000, 1000- 
1200 V/mm, 1200-1500 V/mm, such as in the range of 1500-2000 V/mm. 

30 

In a preferred embodiment of the invention, the first and second electrodes are 
respectively negatively charged and positively charged, or vice versa. For example, if the 
potential difference between the two electrodes is 400 V, the negatively charged electrode 
may have a potential of -200 V relative to ground and the positively charged electrode 
35 may have a potential of 200 V relative to ground. 

Preferably the electric field is the theoretical electric field, he. the potential difference 
between the first and the second electrode divided with the smallest distances between the 
first and the second electrode. 



40 The capture efficiency of the sample chamber or of a chip comprising the sample chamber 
is dependent on the design of and the distance between the first and the second electrode, 
the structure and materials of the sample chamber and the potentials applied to the first 
and the second electrode. 
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In a highly preferred embodiment of the invention, the first potential of the first electrode 
and the second potential of the second electrode, and thus the electric field between the 
first and the second electrode, are selected so as to yield a capture efficiency of at least 
50% for biological particles having an effective length in the interval from 1-10 
5 micrometer, such as a capture efficiency of at least 70%, preferably at least 80%, and 
more preferably at least 90%, such as at least 95%, 97.5%, 99%, 99.5% or 99.9% such 
as approximately 100%. 

Preferably, the capture efficiency is determined according to the standardised method of 
10 Example 4. 

According to the present invention, the term "effective length" of a particle is the 
aerodynamic diameter of the particle e.g. as measures by laser light scattering (O'Brien et 
al 1986). The aerodynamic diameter of a particle, d pa , may be estimated by the formula 



where d ps is Stoke diameter in jam and p p is the particle density in g/cm 3 . 

20 The chip of the present invention comprises a sample chamber comprising a first opening. 

The first opening may be used for introducing sample in to the sample chamber. The first 
opening may be in fluid connection with a sample, e.g. the surrounding air. Alternatively, 
the first opening is connected to one or more valve(s), which valve(s) may be opened to 
25 bring the sample chamber in fluid connection with the sample. 

In an important embodiment of the invention, the sample chamber, e.g. the sample 
chamber of the chip, comprises a second opening. The second opening may e.g. be use for 
facilitating the introduction of new sample into the sample chamber by allowing air or 
30 sample of the sample chamber to escape. The second opening may also be used for 
introducing a first liquid reagent into the sample chamber. Alternatively the first liquid 
reagent may enter the sample chamber via the first opening. 

The sample chamber, e.g. the sample chamber of the chip, is typically a microscale sample 
35 chamber. In an embodiment of the invention, the volume of the sample chamber is at 

most 500 \iL such as at most 400 \xL, 300 jiL, 200 \xL, 100 \xL, 50 jaL, 25 jliL, 15 juL, 10 juL, 5 
^L, 4 jaL, 3 \\L, or at most 2 jaL, such as at most 1 ^L. For example, the volume of the 
sample chamber may be at most 500 nL such as at most 400 nl_, 300 nL, 200 nL, 100 nL, 
50 nL, 25 nL, 15 nL, 10 nL, 5 nL, 4 nL, 3 nL, or at most 2 nL, such as at most 1 nL. 

40 

Typically, the volume of the sample chamber is at least 10 nL. In a preferred embodiment 
of the invention, the volume of the sample chamber is in the range of 1 ^iL-50 |uL, such as 
5 jaL-30 faL. 



15 
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In an embodiment of the invention, the smallest distance between a pair of opposing walls 
is at most 20 mm, such as at most 15 mm, 10 mm, 8 mm, 6 mm, 4 mm, 3 mm, or 2 mm, 
such as at most 1 mm. For example, the smallest distance between a pair of opposing 
walls is at most 800 jam such as at most 600 jam, 500 jam, 400 jam, 300 jam, 200 jam, 100 
5 [im, 50 jam, 25 jam, 15 jam, 10 jam, 5 jam, 4 \xm, 3 jam, or at most 2 jam, such as at most 1 
jam. 

Typically, the smallest distance between a pair of opposing walls is at least 5 jam. In a 
preferred embodiment of the invention, the smallest distance between a pair of opposing 
10 walls is the range of 50 jam-500 jam, such as 100 jam-400 jam, and 150 jam-350 jam. 

In an embodiment of the invention, the length of the sample chamber, e.g. the sample 
chamber of the chip, is in the range of 1 mm-50 mm, such is in the range of 1 mm - 10 
mm, 10 mm - 20 mm, 20 mm - 30 mm, 30 mm - 40 mm, or 40 mm - 50 mm. In a 
15 preferred embodiment the length of the sample chamber is in the range of 2 mm - 8 mm, 
such as 3 mm - 7 mm or 4 mm - 6 mm. For example, the length of the sample chamber 
may be about 4.5 mm. 

In an embodiment of the invention, the width of the sample chamber, e.g. the sample 
20 chamber of the chip, is in the range of 0.2 mm-10 mm, such is in the range of 0.2 mm - 1 
mm, 1 mm - 3 mm, 3 mm - 5 mm, 5 mm - 7 mm, or 7 mm - 10 mm. In a preferred 
embodiment the width of the sample chamber is in the range of 0.2 mm - 2 mm, such as 
0.5 mm - 1.5 mm and 0.75 mm - 1.25 mm. For example, the width of the sample 
chamber may be about 1 mm. 

25 

In an embodiment of the invention, the height of the sample chamber, e.g. the sample 
chamber of the chip, is in the range of 50 jam -2 mm, such is in the range of 100 urn - 1 
mm, 200 jxm - 900 jam, 300 jam - 800 jam, 500 jam - 700 jam. In a preferred embodiment 
the height of the sample chamber is in the range of 100 jam - 400 p.m, such as 200 jam - 
30 300 jam. 

In an embodiment of the invention, the length of the sample chamber, e.g. the sample 
chamber of the chip is approximately 4.5 mm, the width of the sample chamber is 
approximately 1 mm and the height of the sample chamber is approximately 300 jam. 

35 

In an embodiment of the present invention the chip furthermore comprises a first and a 
second electrode. 

The first and/or the second electrode may have different shapes or dimensions. For 
40 example, the first and/or the second electrode may have a substantial form chosen from 
the group of a sheet, a plate, a disc, a wire, a rod; or any combination thereof. 



In a preferred embodiment of the present invention, the first and the second electrode 
may e.g. be sheet-like electrodes. 



WO 2005/083391 



13 



PCT/DK2005/000133 



In a preferred embodiment of the present invention the first electrode and the second 
electrode are facing each other. For example, they may be positioned at opposite sides of 
the sample chamber. 

5 

The first electrode and/or the second electrode may e.g. be positioned inside the sample 
chamber, standing free in the sample chamber or attached to one or more of the wall of 
the sample chamber. 

10 The first and/or the second electrode(s) may be embedded in the sample chamber wall(s). 
For example, the first and the second electrode(s) may be embedded in the sample 
chamber walls. Alternatively, the first and/or the second electrode(s) may be positioned at 
the outer surface(s) of the chip. 

15 Preferably the first electrode and the second electrode are positioned at opposite sides of 
the sample chamber. 

The potential difference between the first and second electrode may be in a range that 
causes particles of uniform or dissimilar sizes to be captured onto a surface or deflected in 
20 a given direction that can accommodate a selection or capture of the particles of interest. 

An electrode, e.g. the first electrode and/or the second electrode may be formed in a 
number of different materials. Typically, the electrodes are formed in metals or alloys. The 
first and the second electrode may for example comprise a metal selected from the group 
25 consisting of silver, gold, platinum, copper, carbon, iron, graphite, chrome, nickel, cobalt, 
titanium, mercury or an alloy thereof. 

It is also envisioned that an electrode may comprise a conducting liquid and even 
essentially consist of a conducting liquid. The conducting liquid may e.g. be mercury. 

30 

The dimension or/and structure of electrodes typically depend on the dimension and/or 
structure the sample chamber. The length and width of the electrodes are of the same 
order of magnitude as the length and width of the sample chamber. 

35 The electrodes can be formed by as little as a coating of a few atom layers of conductive 
material. 

In an embodiment of the invention, an electrode, e.g. the first and/or the second 
electrode, has a thickness in the range of 0.001 jnm-2000 jam, such as 0.001 jum-1 jam, 1 
40 f.im-20 jam, 20 jim-200 pm, and 200 jim-2000 jim. 

In an embodiment of the invention, the sample chamber of the chip furthermore comprises 
a set of detection electrodes, e.g. two or three detection electrodes, for the detection of 
the presence or absence of redox active component, which e.g. may be released from a 
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probe. Two detection electrodes may serve as working electrode and counter electrode, 
respectively. The set of detection electrodes may furthermore comprise a reference 
electrode. Typically, the detection electrodes are formed in metals or alloys. The electrodes 
may for example comprise a material selected from the group consisting of carbon, silver, 
5 gold, or platinum. After detection, the electrodes may suffer from film formation on the 
electrode surface. To permit further detection of digested probe, further sets of detection 
electrodes can be placed within the sample chamber of the chip. 

In an embodiment of the invention, the first and second electrode may be the set of 
10 detection electrodes. 

In a preferred embodiment of this invention, the chip furthermore comprises a 
temperature-sensing element, which e.g. could be a thermally sensitive metal-based 
resistor (a thermistor) with a positive temperature coefficient (PTC) i.e., the thermistor 
15 exhibits increasing electrical resistance with increases in environmental temperature and 
decreasing electrical resistance with decreasing temperature. 

The thermistor may e.g. be selected from the group of materials comprising copper, nickel, 
iron, aluminium, platinum, or alloys hereof. 

20 

The thermistor may have different shapes or dimensions. For example, the thermistor may 
have a substantial form chosen from the group of a sheet, a plate, a disc, a wire, or a rod. 

The thermistor may e.g. be a wire-formed electrode. 

25 

The heating electrode may have different shapes or dimensions. For example, the heating 
electrode may have a substantial form chosen from the group of a sheet, a plate, a disc, a 
wire, or a rod. 

30 In a preferred embodiment of the present invention, the heating electrode may e.g. be a 
sheet-like electrode. In a preferred embodiment of the present invention the heating 
electrode may be positioned to enable heating from at least one side of the reaction 
chamber. 

35 In yet another embodiment, one or more supplementary heating electrodes may be 
positioned on the opposing sides of the reaction chamber. 

The heating electrode is made of electrically conductive material, preferably selected from 
the group of nickel-chrome (NiCr), iron-chrome-aluminium (FeCrAI), iron-nickel-chrome 
40 (FeNiCr) or other heating element alloys. 

In a preferred embodiment of the invention, the chip comprises one or more conducting 
contact pads in electrical contact with the electrodes of the chip. The chip may comprise a 
conducting contact pad in electrical contact with the first electrode. The chip may comprise 
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a conducting contact pad in electrical contact with the second electrode. The chip may 
comprise two conducting contact pads in electrical contact with each their end of the 
heating electrode. The chip may comprise two or three conducting contact pads in 
electrical contact with each their electrode of the set of detection electrodes. 

5 

In Figure 11, two exemplary chip embodiments are illustrated. In Figure 11 A) the chip (1) 
comprises the sample chamber (2) and a first electrode (3) and second electrode (4). The 
first electrode (3) is attached to the upper part (5) of the chip and the second electrode 
(4) is attached to the lower part (6) of the chip. Both the first and second electrodes are 

10 covered by an electrically insulating layer (7) to prevent unwanted electrolysis of the liquid 
contents of the sample chamber (2). A heating electrode is embedded in the insulating 
layer on top of the second electrode. The sample chamber is formed via a spacer part (9), 
which is sandwiched between the first part (5) and the second part (6) of the chip (1). The 
set of detection electrodes and the temperature sensing element are not shown in Figure 

15 11. 

Further embodiments of the chip and the sample chamber as shown in Figures 1-8. 

The chip may comprise a vast array of different materials. It may for example comprise 
20 organic polymers such as plastics, metals and semiconductors such as silicon, glasses and 
ceramics and so fort. 

With respect to Figure 11, the first and second parts could e.g. comprise materials such as 
plastics, semiconductors such as silicon, glasses or ceramics. The first and second 
25 electrode could e.g. comprise a metal such as gold or copper. The insulating layer could 
e.g. be a film of Si0 2 or polyimide. The heating electrode could e.g. be a NiCr electrode 
and the spacer layer might e.g. be cast a polydimethylsiloxane (PDMS) elastomer. 

In Figure 11 B) the first and second electrode are not comprised by the chip but may e.g. 
30 be comprised by a device for operating the chip. 

The chip may comprise just a single sample chamber or it may comprise multiple sample 
chambers. 

35 A chip typically has a thickness in the range of 0.5 mm-50 mm, and preferably in the 
range of 2 mm-8 mm. 

A chip typically has a length or diameter in the range of 10 mm-500 mm, preferably in the 
range of 40 mm-200 mm. 

40 



A chip typically has a width in the range of 5 mm-200 mm, preferably in the range of 20 
mm-100 mm. 
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A further aspect of the invention relates to a device for collecting biological particles in a 
chip. The device may for example be an air-sampling device or a device for collecting 
biological particles from a gaseous sample. The device preferably comprises: 

5 - a chip site where the chip is to be located in order be functionally associated with the 
device, and 

a programmable unit comprising a software that effects that the device performs one 
or more actions selected from the group consisting of: 

10 

- applying an first potential to the first electrode and a second potential to 
the second electrode, thus resulting in a potential difference and an electric 
field between the first and second electrode, to assist electrostatic 
collection, in the sample chamber, of a biological particle from the gaseous 

15 sample, 

- contacting collected biological particles in the sample chamber with a first 
liquid reagent, and 

20 - performing further analysis of the collected biological particles. 

In the present context the term "functionally associated" means that the chip is associated 
with the device, so that the device can perform one or more actions affecting the chip. 

25 In an embodiment of the invention, the chip is functionally associated with the device 
when the device can affect the electric field of the contents of the sample chamber. 

In an embodiment of the invention, the chip is functionally associated with the device 
when the device can control the potential of at least one electrode of the chip. For 
30 example, the device may be functionally associated with the chip when the device can 
control the potential of the first electrode and/or the second electrode of the chip. 

Being functionally associated may furthermore include that the sample chamber of the chip 
is in fluid communication with a flow controlling means. 

35 

In an embodiment of the invention, the device comprises the first and second electrode, 
and when the chip is functionally associated the electrical field between the first and 
second electrode assist collecting the biological particles of the gaseous sample in the 
sample chamber. In this embodiment, the chip need not comprise the first and second 
40 electrode. 

The device may furthermore comprise an electrical power supply for supplying power, e.g. 
to the flow generating means, and/or to the programmable unit, the first and second 
electrodes. 
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In an embodiment of the present invention, the chip is functionally associated with the 
device via the chip site. The chip site may e.g. comprise a plastic interface serving both as 
connecting material and as gaskets ensuring tight junctions between chip-ports and 
5 device-ports eliminate leakage of air and liquid. The chip site may for example comprise a 
surface and/or cradle for receiving the chip. Typically the chip site comprises at least one 
conducting contact pad. Preferably, the chip site comprises at least a conducting contact 
pad for providing electrical contact with the first electrode of the chip and a conducting 
contact pad for providing electrical contact with the second electrode of the chip. 

10 

The programmable unit contains instructions, preferably computer readable e.g. software, 
adapted to facilitate controlling, monitoring, and/or manipulating of the device prior to 
operation, under operation, and/or after operation. 

15 The programmable unit preferably comprises at least one computer having one or more 
computer programs stored within data storage means associated therewith, the computer 
system being adapted to for controlling the device. The programmable unit may in the 
context of the present invention be chosen from the non-exhaustive group of: a general 
purpose computer, a personal computer (PC), a programmable logic control (PLC) unit, 

20 unit, a soft programmable logic control (soft-PLC) unit, a hard programmable logic control 
(hard-PLC) unit, an industrial personal computer, or a dedicated microprocessor. 

The present invention also relates to a computer program product being adapted to enable 
a computer system comprising at least one computer having data storage means 

25 associated therewith to control, monitor, and/or manipulate the device prior to operation, 
under operation, and/or after operation. The present invention further relates to a 
computer readable medium having stored therein a set of routines for enabling a computer 
system comprising at least one computer having data storage means associated therewith 
to control, monitor, and/or manipulate the device prior to operation, under operation, 

30 and/or after operation. 

The programmable unit for controlling, monitoring, and/or manipulating the device prior to 
operation, under operation, and/or after operation preferably is preferably adapted for 
operation under harsh conditions, such as artic climate, tropical climate, and combat 
35 environment, in particular combat zones having being subjected to atomic, biological, 
and/or chemical warfare (ABC-warfare). Preferably, the programmable unit complies with 
the relevant military specifications for such units. 

In an embodiment of the invention, the programmable unit comprising the software 
40 furthermore effects that the device checks if the chip is functionally associated with the 
device. 



WO 2005/083391 PCT/DK2005/000133 

18 

The programmable unit comprising the software may furthermore effect that the device 
performs one or more actions, such as e.g. 2, 3, or 4 actions, selected from the group 
consisting of 

5 - providing a gaseous sample in sample chamber, 

applying an first potential to the first electrode and a second potential to the second 
electrode, thus resulting in a potential difference and an electric field between the first 
and second electrode, to assist electrostatic collection, in the sample chamber, of a 
10 biological particle from the gaseous sample, 

contacting the collected biological particle with a first liquid reagent, 

- performing a further analysis. 

15 

The programmable unit comprising the software may e.g. effect that the device provides a 
gaseous sample in sample chamber by operating a flow generating means for providing a 
gaseous sample. 

20 The programmable unit comprising the software may e.g. effect that the device applies a 
first potential to the first electrode and a second potential to the second electrode. 

The programmable unit comprising the software may e.g. effect that the device contacts 
the collected biological particle with a first liquid reagent by operating a flow generating 
25 means for providing liquid reagent and/or operating the means for controlling a flow. 

The programmable unit comprising the software may effect that the collected biological 
particles contacted with the first liquid reagent are subjected to further analysis, e.g. by 
effecting that the device exposes the reaction mixture to an alternating electric field in said 
30 sample chamber by modulating the potentials of at least two electrodes, e.g. the first and 
the second electrode as described herein or another set of electrodes dedicated to the 
alternating electric field. 

The programmable unit comprising the software may effect that the collected biological 
35 particles contacted with the first liquid reagent are subjected to further analysis, e.g. by 
effecting that the device performs a nucleic acid amplification of a target nucleic acid 
sequence by operating a heating electrode as described herein. 

The programmable unit comprising the software may effect that the collected biological 
40 particles contacted with the first liquid reagent are subjected to further analysis, e.g. by 
effecting that the device measures the presence of the amplified target nucleic acid 
sequence and/or measuring products resulting from amplification of the target nucleic acid 
sequence by operating the detection electrodes related to differential pulse voltammetry. 
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In a preferred embodiment of the invention, the device furthermore comprises an electrical 
interface between the device and the chip for applying an electrostatic field between the 
first and the electrodes of the sample chamber. 

5 The device may additionally measure a reference signal, i.e. a signal from a sample that 
either comprising a sample without a biological particle or comprises a well defined amount 
of a given biological particle. The reference signal may e.g. be retrieved from another 
chamber remote to the sampling chamber, e.g. a chamber located at another position of 
the chip, or a chamber located at another chip. 

10 

The device may furthermore comprise an internal power supply. The internal power supply 
may e.g. comprise a battery. The amount of energy to be utilized during a PCR reaction 
can be estimated as the amount of heat required to heat a volume of water equivalent to 

15 that of the fluid sample between the minimum and maximum temperatures of the PCR 

cycle. This temperature difference is approximately 50 K, and so the heat to be transferred 
per cycle is approximately 6 Joules for a 30 pL sample volume. Running for example 60 
cycles, the total energy consumption for one PCR reaction amounts to 60*6=360 Joules. 
Using a ramping time comparable to commercial thermocyclers (i.e. 2 °C per second) the 

20 power required is 360*2/50 = 14.4 W. 

The battery voltage is considered to be the rated voltage of the batter// e.g. 1.2V per cell 
for nickel-cadmium (IMiCd) and nickel-metal hydride (NiMH) batteries and 3.6V per cell for 
most lithium-ion (Li-ion) batteries. The charge capacity of the battery is typically given in 

25 terms of milliAmp-hours (mAh) and is expressed as the C-rating.. For example, a load 

current of 1C for a battery with a C-rating of 1200 mA-hours is 1200 mA. A battery can be 
viewed as being ideal, (i.e., with a constant energy capacity) when draining with a load 
current below 0.1C (Linden, D. 1984.). Therefore, when delivering a power output of 14.4 
W using e.g. a battery delivering 10.8V, the C-rating of this battery should be in the range 

30 of 14.4/(10.8*0.1) =13300 mAh to avoid peak power consumption that will dramatically 
reduce the energy capacity. 

To enable this energy consumption and power delivery, and to further ensure true 
portability, rechargeable batteries are preferred. In a preferred embodiment of the present 
35 invention rechargeable batteries are selected from the group consisting of Nickel 
Metalhydride (NiMH) based batteries and Lithium-ion (Li-ion) based batteries. 

Also, the internal power supply may comprise a generator, e.g. a portable generator. A 
portable power generator can be utilized as external power supply. The portable power 
40 generator can be recharged from, or simply consist of, a solar module, a battery charger 
(e.g., AC or car battery charger), a fuel combusting generator, or similar. 



Alternatively, power from an external power supply can be provided to the device, e.g 
supplemented with a battery back-up. 



WO 2005/083391 



20 



PCT/DK2005/000133 



In an embodiment of the invention, the device furthermore comprises a flow generating 
means e.g. for providing a gaseous sample in the sample chamber of the chip and being in 
fluid connection with the second opening of the sample chamber when the chip is inserted 
5 in the device. 

The flow generating may comprise a pump such as a piston pump, a membrane pump, or 
a positive displacement pump. 

10 In an embodiment of the present invention, the pump is able to deliver an appropriate gas 
flow through the chip during sampling (in the range of 10 mL/min to 500 mL/min) is 
selected. Preferably, the pump should be selected to fulfil one or more of the following 
criteria: small size, lightweight, pulsation-free flow, reversible flow of the medium by 
changing motor polarity, flow volume adjustable by controlling voltage. 

15 

In an embodiment of the invention, the flow generating means may comprise an inkjet 
dispenser for creating small droplets of reagent or a similar micro dispensing device. 

In one embodiment of the present invention, the gaseous sample can be provided by a 
20 passive flow through the chip. This will demand a velocity difference between the chip and 
the surrounding air to be sampled. The conditions for this occurrence are fulfilled if the 
chip is moved through the air, e.g. mounted on an airplane in such a way that the first 
opening is in fluid connection with the surrounding air, optimally opposing the flight 
direction. Alternatively, the conditions occur if the air is moving around the chip having no 
25 velocity compared to the air, e.g. mounted in an air vent. 

In an embodiment of the invention, the device furthermore comprises a means for 
controlling a flow, e.g. a flow through the sample chamber. 

30 The flow may e.g. be a liquid flow and/or a gas flow. 

The means for controlling a flow typically comprises one or more valves. The valves may 
be selected e.g., from the group consisting of a check valve, a two way valve, a multi 
position valve and a pinch valve. 

35 

The valve may e.g. be a microfabricated valve and in an embodiment the valve is 
integrated in the chip. 

In an embodiment of the present invention, the first reagent liquid can be delivered using 
40 the Ink-Jet micro dispensing technology. An Ink-Jet cartridge containing one or more 

compartments comprising the first liquid reagent or separate components of the first liquid 
reagent is mounted in such a way that it enables the microdispensing of liquids into the 
reaction chamber. 
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In yet another embodiment of the present invention, the first liquid reagent or separate 
components hereof are encapsulated within sealed envelope being composed of a plastic 
polymer. The plastic polymer envelope is equipped with a build-in heating electrode, 
enabling the melting of the plastic polymer by the application of an appropriate electrical 
5 current and the subsequent release of the encapsulated liquid into the chip. In yet another 
embodiment, the release of liquid from the sealed plastic polymer envelope can be 
achieved by mechanical or physical rupturing of the envelope, e.g. by puncturing the 
envelope with a sharp object. 

10 In one embodiment of this invention, the device can be equipped with a display enabling a 
visual readout of the results. The display can be in the format of a light emitting source (a 
LED, a light bulb or similar), a screen, a digital readout or any combinations of the 
mentioned. In yet another embodiment of this invention, the readout can be 
communicated in the form of audio signals. 

15 

In a preferred embodiment of this invention, the device comprises a component that allows 
for wireless communication. Examples of wireless communication are 802.11 Mobile 
Wireless LAN, cellular, Bluetooth®, GPS, and Ultra Wideband. The communication can be 
one-way, e.g. transport of data from the device or transport of data to the device, or the 
20 communication can be the combination, i.e. two-way. Established communication can 
further be expanded to inter-device communication, i.e., establishment of an ad-hoc 
network enabling one device to trigger the initiation of sampling of another device thus 
facilitating the monitoring of, for example, the progression of an aerosol cloud. 

25 In a preferred embodiment of the invention, the device is a low weight and/or portable 
device. 

In an embodiment of the present invention, the device weighs at most 10 kg, such as at 
most 8 kg, 6 kg, 4 kg, 3 kg, or 2 kg, such as at most 1 kg. It may even be preferred that 
30 the device weighs at most 800 g such as at most 600 g, 500 g, 400 g, 300 g, 200 g, 150 
g, 100 g, 80 g, 60 g, 50 g, 40 g, 30 g, 20 g, 10 g, or 5 g, such as at most 1 g. 

Typically the device has a total weight in the range of 20 g - 1 kg, such as 20 g - 50 g, 50 
g - 100 g, 100 g - 250 g, 250 g - 500 g or 500 g -1000 g. 

35 

In a preferred embodiment of the invention, the device furthermore comprises an electrical 
interface between the device and the chip for applying an electrostatic field between the 
first and the electrodes of the sample chamber. 

40 

In an embodiment of the invention, the device comprises the first and second electrode, 
and when the chip is functionally associated the electrical field between the first and 
second electrode assist collecting the biological particles of the gaseous sample in the 
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sample chamber. In this embodiment, the chip needs not to comprise the first and second 
eiectrode. 

In an embodiment of the invention, the device furthermore comprises a flow generating 
5 means e.g. for providing an gaseous sample in the sample chamber of the chip and being 
in fluid connection with the second opening of the sample chamber when the chip is 
inserted in the device. 

The device may also comprise a first reagent chamber for receiving and/or holding a first 
10 liquid reagent. Typically, the first reagent chamber has at least one opening, which are in 
fluid connection with the sample chamber when the chip is functionally associated with the 
device. Alternatively, the at least one opening of the first reagent chamber is brought in 
fluid connection with the sample chamber e.g. by using the means for controlling a flow. 
The first reagent chamber may also be closed by a removable barrier during storage, said 
15 barrier being removed either reversibly or irreversibly when the device is used. 

Still a further aspect of the invention relates to a system for collecting biological particles, 
the system comprising a chip as defined herein functionally associated with a device as 
defined herein. 

20 

In an embodiment of the present invention, the chip and the device of the system are 
integrated and are not meant to be physically separated from each other. In an 
embodiment of the invention, the chip and the device of the system are integrated so that 
they cannot be physically separated from each other without damaging the chip or the 
25 device. 

In an important embodiment of the present invention, the system is a disposable system, 
e.g. meant to be used only once. 

30 In another important embodiment the chip of the system is disposable but the device is 
meant to be reused. 

A special aspect of the invention encompasses a method and a microstructure aimed at 
facilitating the collection and concentration of bioparticles (particles containing or 
35 comprising living or non-living microorganisms) from a gaseous sample. 

A purpose of the present invention is to perform an efficient and rapid sampling of 
bioparticles. This purpose is obtained by a method and a structure comprising the 
combined usage of an electric field induced over the airflow. Said usage consists of a 
40 structure encompassing a set of electrodes exerting an electrical field that can be varied in 
voltage and applied for a variable time, and a set of optimal parameter settings for the 
said usage 
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The present invention describes a method and a device that enables the application of an 
electrical field at an angle or perpendicular to the air-flow passing through the device and 
as a result of this method bioparticles are collected and concentrated within said device. 

5 As shown in the accompanying drawings, the present invention relates to a method, device 
and system for sampling and concentrating microorganisms in a gaseous sample. Said 
method and system is enabling the detection of said microorganism by subsequent 
appropriate means. The detecting step may be carried out in suitable manners, with 
suitable detecting means, as apparent to a person skilled in the art. 

10 

Broadly described, the sampling and concentrating methods according to the present 
invention is essentially concerned with the trapping or capturing by means of an electrical 
field applied at an angle or perpendicular to the air-flow circulated through the device. 

15 In a special embodiment of the invention, as shown in the accompanying figures, the 
device comprises a chamber and two opposite positioned electrodes, preferably plate 
electrodes. The gaseous sample to be examined is passed through the chamber and, as 
better shown in Figures 7 and 8, the chamber has an inlet for receiving the gaseous 
sample into the chamber and an outlet for releasing the gaseous sample from the 

20 chamber, the gaseous sample circulating through the chamber from the inlet to the outlet 
thereof. As also shown, the electrodes are positioned within the chamber between the inlet 
and the outlet, said electrodes having an electrical potential thus allowing the gaseous 
sample to pass through while capturing microorganisms from it. 

25 According a special embodiment of the invention, as better shown in Figure 3 the 

electrodes consist of an assembly having two plate electrodes positioned perpendicular to 
the air-flow circulated through the device. 

In another special embodiment of the invention, as better shown in Figure 2 the electrodes 
30 consist of an assembly having a wire electrode and one plate electrode positioned 
perpendicular to the air-flow circulated through the device. 

In a further special embodiment of the invention, as better shown in Figure 1 the 
electrodes consist of an assembly having one ore more point electrodes and one plate 
35 electrode positioned perpendicular to the air-flow circulated through the device. 

In either case, according to the present invention, said device is used within a system for 
detecting the presence of microorganisms in a gaseous sample, taken from either a 
gaseous environment to be examined, as apparent to a person skilled in the art. 

40 

In another special embodiment of the invention, the system and the components thereof 
are preferably devised to sample and concentrate microorganisms such as bacteria (e.g. 
Bacillus spp., Clostridium spp., Legionella spp., E. coli 0157:H7, Neisseria spp., 
Mycobacterium tuberculosis), fungi (e.g. Aspergillus fiavus, fumigatus, Niger, Histoplagma 
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capsulatum, Coccidioldes imitis), viruses (e.g. small pox, influenza virus, rubella virus) and 
the like. 

A special embodiment of the present invention is illustrated in Figure 3. This figure shows 
5 an example of the device acting as an air-monitoring unit. The unit shown in figure 3 and 
exemplified in figures 7 and 8 is particularly useful for sampling and concentrating harmful 
microorganisms that might be present in the air environment of facilities such as hospitals, 
schools, industries, houses, public buildings, farms and the like. In operation, the air- 
sampling device is preferably operatively connected in a continuous manner to sample the 
10 air of the corresponding facility to be inspected. 

The air-sampling device preferably includes an air inlet, an inlet valve, housing, a power 
supply, an outlet valve, an air pump, an air outlet, a control circuit board (not shown), 
relay wires from the different components of the system to the control board, and supports 
15 for the housing and other components of the system. 

The air-sampling device typically functions as follows: the pump provides a particular 
aspiration flow rate ranging preferably from about 5-1000 milliliters per minute (ml/min) 
into the air inlet and then, into the sampling chamber. It is worth mentioning that other 
20 suitable flow rates may be used with the present invention, as apparent to a person skilled 
in the art. Also, the gaseous sample to be examined may originate from a person exhaling 
a breath sample containing or susceptible to contain microorganisms. 

In either case, whether the gaseous sample to be examined comes from a gaseous 
25 environment or person exhaling a breath sample containing or susceptible to contain 

microorganisms, it is directed to the sampling chamber of the device by means of the air 
inlet. Once microorganisms are sampled and concentrated, a skilled person familiar with 
diagnostic systems will easily find various arrangements to detect the sampled 
microorganisms leading to identification of said microorganisms. 

30 

Preferably, the device is fabricated from the group of materials consisting of polymers, 
silica, glass, metals, and ceramics. 

As may be appreciated, the present invention is a substantial improvement over the prior 
35 art within sampling technologies in that the electrostatic precipitation can be successfully 
embodied onto a biochip and provides a low-cost, robust and well-controlled means for 
capture of bioparticles directly from air. As apparent (see Figure 9), the capture efficiency 
within the biochip easily approaches 80% and can be pushed higher by increasing the 
voltage. The continued operation of an electrostatic precipitation biochip (EP-chip) provides 
40 a single capture and concentration step, which is a major improvement of state-of-art 
technology. 

Although the present invention was primarily designed for sampling microorganisms in an 
gaseous sample taken from various environments, as will be easily understood by reading 
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the following description and as apparent to a person skilled in the art. For this reason, the 
expressions "air", "duct", "ventilation", "air-monitoring unit" and the like should not be 
taken as to limit the scope of the present invention and include a!I other kinds of 
substances with which the present invention may be used and could be useful. 

5 

In addition, although the preferred embodiment of the present invention as illustrated in 
the accompanying drawings comprises various components such as valves, pumps, control 
circuit board, etc., and although the preferred embodiments of the sampling device/system 
and corresponding parts of the present invention as shown consist of certain geometrical 

10 configurations as explained and illustrated herein, not al! of these components and 

geometries are essential to the invention and thus should not be taken in their restrictive 
sense, i.e. should not be taken as to limit the scope of the present invention. It is to be 
understood, as also apparent to a person skilled in the art, that other suitable components, 
as well as other suitable geometrical configurations may be used for the sampling 

15 device/system according to the present invention, as will be briefly explained hereinafter, 
without departing from the scope of the invention. 

While several embodiments of the invention have been described herein, it will be 
understood that the present invention is capable of further modifications, and this 
20 application is intended to cover any variations, uses, or adaptations of the invention, 

following in general the principles of the invention and including such departures from the 
present disclosure as to come within knowledge or customary practice in the art to which 
the invention pertains, and as may be applied to the essential features herein before set 
forth and falling within the scope of the invention as defined in the appended claims. 

25 

The present invention may be used for different purposes or uses. For example, the 
present invention may be used for detection of living (vegetative) bacteria in the air. The 
device could be installed in a ventilation duct and switched on for a period of several days 
or weeks. The bacteria would be captured by the capture electrodes and next detected by 
30 subsequent method known to persons skilled in the art. 

Also, the present invention could be used for the detection of spores such as Bacillus 
anthracis spores. The device could be installed in a ventilation duct and switched on for a 
period of several days or weeks. The bacteria would be captured by the capture electrodes 
35 and next detected by subsequent method known to persons skilled in the art. 

Additionally, the present invention could be used for the sampling of particles of various 
size using appropriate methods of counting. More particularly, it could be used for the 
detection of microorganisms in air ducts, ventilation systems, air purifiers, air conditioners 
40 and vacuum cleaners, the detection of microorganisms in isolation rooms, pharmaceutical 
and medical clean rooms, etc. 



The present invention could also be used for the detection of living pathogens affecting 
patients, the device being directly connected to the mask of a ventilator for example. 
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A special aspect of the present invention relates to a micro scaled device for collecting 
biological particles comprising; 

an impact collector having an inlet opening providing an airflow capability between 
5 the air to be sampled and the impact collector, and an outlet opening providing an 

airflow capability between the impact collector and the exterior of the impact 
collector, the outlet or inlet being connected to an air-flow producing means for 
drawing the gaseous sample through the impact collector from the inlet opening to 
the outlet opening; said impact collector having a collecting component arranged 
10 within the impact collector between the inlet opening and the outlet opening, said 

collecting component consisting of two or more electrodes positioned in parallel and 
having the surfaces or at least a part of the surfaces coated with or consisting of 
material capable of leading an electrical current. 

15 In a special embodiment of the invention, the parallel electrodes enable the generation of 
an electrical field at an angle or perpendicular to the air-flow passing through the device, 
facilitating particles present in the sampled air to become charged and thereby being 
captured by adhering to either the positively or negatively charged electrode. 

20 In a special embodiment of the invention, the electrodes generate an electrical field of a 
size between 100 V/mm and 1500 V/mm. 

In a special embodiment of the invention, the biological particles are rinsed of the device 
using a rinsing fluid and means for drawing the fluid carrying the biological particles 
25 through the micro scaled device. 

In a special embodiment of the invention, the step of collecting the fluid carrying the 
biological particles comprises the step of directing said fluid into a reservoir, such that said 
fluid can be examined for the presence of biological particles. 

30 

It should be noted that, according to the present invention, embodiments and features 
described in the context of one of the aspects of the present invention also apply to the 
other aspects of the invention. 

35 

EXAMPLES 

The following examples are illustrative of the wide range of applicability of the present 
invention and are not intended to limit its scope. Modifications and variations can be made 
40 therein without departing from the spirit and scope of the invention. Although any method 
and material similar or equivalent to those described herein can be used in the practice for 
testing of the present invention, the preferred methods and materials are described. 
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Example 1 Materials and methods 

The GPIB software for controlling the voltage generator (see below) used for capturing 
5 spores on-chip in the laboratory setup was specifically developed by RTX Telecom A/S, 
N0rresundby, Denmark. The particle size analyzer model 3321 from TSI (TSI Inc., 
Shoreview, MN, USA) was controlled by the TSI software Aerosol Instrument Manager. The 
Fenix Laser was controlled using Winmark Pro version 4.0.0 build 3773 (Synrad software, 
Mukilteo, WA USA). 

10 

The lasing processes were run at 1200 dpi with a speed of 400 pulses/sec and power 
intensities in the range of 5-10%. Dependent on the required channel depth, the number 
of overlapping markings was set to a number in between 1 to 10 (10 gave deep channels, 
whereas 1 gave a very superficial ablation of 20-30 pm deep). Very deep channels (>800 
15 pm) tend to become concave in shape due to the loss of focus of the laser as the ablation 
digs into the material. The GPIB controlled high voltage power supply model PS310/1250V- 
25W was purchased from Stanford Research Systems (Stanford Research Systems, Inc. 
Sunnyvale, CA, USA). The power supply was utilized for generating voltages in the range 
of 100-1200 V. 

20 

The voltage and pump control of the EP-chips used in the experiments performed in the 63 
m 3 stainless steel encapsulated aerosol room were developed by RTX Telecom A/S, 
N0rresundby, Denmark. The step-up converter delivered 250 V from four 1.5 V standard 
AA batteries and supported the air pump with power. 

25 

A vacuum pump model DC06/03f from Furgut (Erich Furgut, Tannheim, Germany) was 
utilized to mediate air suction in the EP-chips. The DC06/03f device operated at a voltage 
of 6 V utilizing 220-330 mA, delivering 1.0 l/min of air against a maximal pressure 
difference of 180 mbar, and had a total weight of 30 g. The advantages of the pump were 
30 following: small size, lightweight, pulsation-free flow, reversible flow of the medium by 
changing motor polarity, flow volume adjustable by controlling voltage. 

The Model 3321 Aerosol Particle Sizer (3321 APS) (TSI Inc., Shoreview, MN USA) provides 
two measurements: aerodynamic size and relative light scattering intensity. It detects 
35 particles in the 0.37 to 20 pm range with high resolution sizing from 0.5 to 20 pm in 
aerodynamic diameter. The instrument measures the aerodynamic size in real time. The 
instrument was set to an airflow of 5 l/min. 

The aerosol chamber utilized for the lab experiments was kindly provided by The Institute 
40 of Occupational Health, Copenhagen, Denmark and manufactured by Mikrolab (Mikrolab 
Aarhus A/S, H0jbjerg, Denmark). The 50 liter chamber was made of stainless steel 
mounted on a rotor arrangement allowing the entire chamber to rotate at a speed of 0-60 
rpm. The core chamber could be separated in tree parts (two ends and one cylinder). Both 
end parts were fastened securely by 5 handles. Before assembly the spore material was 
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positioned in the cylinder. The chamber was open and a pump system could blow air with 
controlled temperature and humidity through the chamber from the backside of the 
chamber with exit at the nozzle shown on Figure 5. The nozzle could be connected to a 
two-piece metal tubing (see Figure 5) that split the air stream into two. One part going to 
5 a HEPA filtered output and the other and smaller entering the chip. PMMA chip connected 
to the two-piece metal tubing interfaced to the output nozzle from the aerosol chamber. 
The metal tube seen as turning to the upper right side of the picture entered a low- 
pressure tract equipped with two overlapping Whatman qualitative filter papers Grade 2V 
pore size 8 pm (Whatman International Ltd., Maidstone, Kent UK). 

10 

A sample chamber created by microscope slides interfaced to the two-piece metal tubing 
and connected to the aerosol chambers exit nozzle (see figure 6). The interfacing was done 
by 0.5 mm inner diameter Teflon tubing. The Teflon tubing was glued to the glass by a two 
component epoxy and hardened overnight. Flow, temperature and humidity control 
15 allowing a controlled amount of air at a certain temperature and humidity to enter the 
aerosol chamber. The air temperature was 26°C and the humidity was 50%. 

The Fenix Laser model 48-2 a 25 watt RF-excited pulsed C0 2 laser (Synrad, Inc. Mukilteo, 
WA USA) equipped with a 80 mm lens (lens focal length) with a nominal field of 27x27 cm 
20 and a working distance of 74 ± 1 cm. The spot size was 116 pm. A C0 2 gas mixture 
provides an output wavelength at or near 10.6 pm. The Fenix Laser lens system uses a flat 
field principle giving a high quality and uniformity in the marking process. Rapid Thermo 
bonding (see below) of the PMMA parts were done at temperatures from 120-200 °C in a 
BD heating oven (Binder GmbH, Tuttlingen, Germany). 

25 

Consumables 

PMMA (Poiy-methyl-meth-acryiate) plates (Riacryl, RIAS A/S, Roskilde, Denmark) are 
transparent (>90% transmission), have an excellent UV stability, low water absorption and 
high abrasion resistance. PMMA has been utilized for making microstructures with laser 

30 ablation (Johnson et al 2001) and the material is chemical inert to the ablation process 
compared with other materials as poly(ethylene-terephthalate-glycol), poly(vinylchloride), 
and poly(carbonate) (Pugmire et al 2002). The material has furthermore proven suitable to 
build complicated integrated microfluidic systems characterized as lab-on-chip 
systemspohnson et al 2001). The material expresses little joule heating when exposed to 

35 electrical fields and can be utilized for DNA separation (Chen & Chen 2000; Sung et al 
2001) . 

Different PMMA designs were made and successfully annealed to each other by rapid 
thermo bonding at 160-200°C. Alignment was achieved by a prototype alignment tool 
40 developed by Mikrolab Aarhus A/S and the alignment was secured by adhesive bonding 
prior to the rapid thermo bonding by positioning 0.2-0.5 pi cyanoacrylate at the corners of 
the PMMA plates. It was found that minor amounts of adhesive did not interfere with the 
thermo bonding process in the vicinity of the active micro structured parts if the adhesive 
bonding were kept remote to the micro structured sites. The high temperature rapid 
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thermo bonding removed the need for thermo fusion bonding which was seen to damage 
both alignment and the microstructures themselves. 

Electrical conductive coatings were made using Electrodag 1415M containing silver 
5 particles in 4-methyl-penthan-2-one. The conductive fluid was diluted 1:1 with acetone to 
reduce the thickness of the coatings. 



Example 2 Collection of spores 

10 

Materials 

The powder-based bacillus spores (Biobit WP, wet-able powder) used in the aerosol-trials 
contained Bacillus thuringlensis subsp. kurstaki (Abbott Laboratories, North Chicago, IL, 
USA). Based on plating assays of dilution series, the spore concentration of the powder 
15 was determined to be 3.2xl0 9 spores/g (i.e., colony forming units, CFU) with a density of 
0.86 g/cm 3 (=860 kg/m 3 ). 

Particle analyzer software 

The particle size analyzer model 3321 from TSI Inc., 500 Cardigan Road, Shoreview, MN 
20 55126-3996, USA, was controlled by the TSI software Aerosol Instrument Manager 



Experimental setup 

A set of spore capture experiments was performed with a device for electrostatic 
25 precipitation having an electrode distance of 1 mm. The flow was recorded to 2 l/min over 
a 10 minute sampling period and the total particle concentration was estimated to 26 
mg/m 3 with a geometric mean at 1.53 ± 1.96 pm representing a total of 3304290 
particles. 

30 The data from experiments each consists of nine sample periods of 30 seconds each. The 
three first sample periods are pre-controls showing the stability of the control samples in 
which the voltage on the electrodes of the device is at 0 Volt. The next three 30 seconds 
samples are performed with an electrical field of the device set to a capture voltage of 100 
to 1200 Volts (from -50V/+50V to -600V/+600V). 

35 

The last three 30 seconds sample periods were post-controls, where the voltage on the 
electrodes of the device is returned to 0 Volt. 



40 



The particle counter is counting the particles that are passing through the prototype. Thus, 
a capture of particles is illustrated by the removal of particles from the population 
compared to the pre and post controls. 
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Results 

As seen from Figure 9, the capture efficiency increases with increasing voltage over the 
electrode. 

5 Taking the sampling efficiencies of the various size fractions and plotting these against the 
applied voltage over the sampling electrodes, it is seen from the Figure 10, that there is no 
significant difference in the capture efficiencies of spores with a geometric mean of 0.542, 
1.037, 1.596 or 2.129 pm. 

10 

Example 3 Method of determination of capture efficiency 



Preparation of standardized biological particles 

15 One hundred mg of Biobit Bacillus thuringiensis subsp. kurstaki containing approximately 
10 9 spores/g (Vaient Biosciences Corp, Libertyville, USA) is resuspended in 1 ml of 
demineralised water and centrifuged for 90 sec. at 12000 rpm. The supernatant is 
discarded. This procedure is repeated four times. Prior to the last resuspension, a sample 
is withdrawn for determination of the number of colony forming units (CFU) per ml. The 

20 tube is left for exsiccation in e.g. vacuum until dried. 

Dilution series is plated on LB-agar plates (Luria Bertani substrate; 10.0 g tryptone, 5.0 g 
yeast extract, 10.0 g NaCI, 15.0 g agar resuspended in 1.0 liter H20 - pH = 7.0, 
autoclaved), incubated at 30°C overnight and inspected for visual colonies. The number of 
25 CFU enables the determination of spores in the powder. 

Measurement of capture efficiency 

The washed and dried Bacillus thuringiensis spores are aerosolized in an appropriate 
aerosol chamber resulting in an approximate spore concentration of 10 4 -10 5 spores per 

30 liter. The chip/sampling chamber for which the capture efficiency is to be determined is 
connected to the device, thus being functionally associated. Then the chip/sampling 
chamber is connected to the aerosol chamber and aerosol is aspirated through the sample 
chamber of the chip with an airflow of approximately 50 mL/minute. A particle counter 
(e.g. analyzer model 3321 from TSI Inc., 500 Cardigan Road, Shoreview, MN 55126-3996, 

35 USA) is connected to the outlet of the chip and is counting the number of spores in the size 
range 1-10 p.m that leaves the chip. 

First the number of spores of in 25 mL aerosol is measured by aspirating the aerosol while 
setting the potentials of the first and the second electrode to ground. The measured 
40 number of spores is used as the control value, l\! c . 

Then, the selected potentials are applied to the first and the second electrode, another 
25 mL aerosol is aspirated through the chip and the number of spores exiting the chip is 
measured during the aspiration. This value is called l\l s . 
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The capture efficiency of the chip/sampling chamber at the selected potentials are 
calculated as (N c -N s )/N c *100%. 



5 
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